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TUs report eescribes the work done under Contract HAS - 8-11485 
during the period 1 Navenbcr 1965 eo 31 January 1966. 

t h i s  perid was directed towards an inproved descrfption of .k?te react::% 

-$urbuJ.ent m t x l n g  layer found in the base r&on of large lam&& vnhicles. 

The work during 

Characteristic t imes for tpIe decay of turbulent cddecs a a  for %he 

transfer of energy through cbclcal .  reactlons are! cmputed and cawparail. 

It is found thee, for an important energyereleasing reaction I n  %he zlf'ber- 

burning re@.on, the *urbulent mixing times are mch longer than tb? reaction 

t b e s .  

determination of the flame stand-off distance in the af'terbur- s i t~at iaf i ,  

F o M a g  tbe ldeas of M i a n  and Pe3-&mn, then, a proccdwe f u  presented 

for fncarporating turbulent mixing in i;he afterburrring jet prwbX@~, 

Nroaerical calculations have not yet been bplemcntcd, however. 

Thus, fluld-zm9zanical reMng may be the dominant process in the 

The work presented in tbis report; was accomplished by Graduabe Rtscarcb 

Assfstant m. Jacques raUyt8 under the dfrection of Prof. R. F. l?Iog3md. 



1. Characteristic T b s  in Reacting Turbulent Mlxlx 

In turbulence the charaoteristic time has been defSned as the time 

2.t takes for the natural  decay of eddies to transfer cnerQy Prm m e  

eddy corresponding to a wave number k t o  a smaller eddy corrcsporrding 

to .:a= number k + A k. This transfer of energy w i l l  contkue %o take 

molecular diffusion becaw daPinamt. 

It has been shown’ that fn the h t r t L s l  convective subrange the 

characteristic t h e  fox W u l e n t  decay is given by 

4 2  
z * f k3 E (k) ] T 

Also, a3 was prcvSously shown, if a qectm Q (k) is defined for $he 

concentration field of a reactant, the characteristic t b c  correspadhg 

t o  the reactive energg transfer rate is 
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when C is the reaction rate constant. Again, exprcssfng G fkj in 

the inertial subrenge 

and 

where B I s  a constant to be defined latier sad e is tba? t c t a  r3te of 

energg dlssiption. 

Thase t b e s  ere 

the "dissipation" 

to be 8ummed over 

of 

an 

It will be assumed thaf the ori-tll. scale  for i n h q e n e i f i e s  Intro- 

duced ia tho flew corresponds t o t h e  size of the  largest ecldies in t h e  

boundary rcglon of the j e t .  

It is further assumed that the ori(sirml scale deflaed dmve can be 

approxi5atc8 by 4, where kc corresponds t o  tks smximua~ 

of thc energy speotruar. 

A reactant element w i l l  be considered to be thoroughly oiived v&%& 

the fluid In the j e t  core a% a p o b t  *ere eSre large eddies wMch captured 

the clement at the j e t  bounaary have 6ectiy-d fnta t&e range of' molecdtar 

diffusion. Thfs paint correepoads t o  the wave mamber akdn. Using the 

Kohogom scale q *I: ( V 3 / 8  )@t, where u I s  *he Ueraatic v%scosiQf, 
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Figure 1. Energy Spectmm 

Hence the t h e  It takes turbulence t o  mix any new e l m n t  bntrodueeil 
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For steady, holaa(lcneous, 5rJdmpic turbuknce the  following rch%iona hold. 

W?Mre A f s  the  dfssipatioa sca3.c 
6 
u' is RMS t U r b W t  velocity 

A is a coastant of d e r  unfty 

mu8 TT canbewrittenas 





wfrerc 5 is aconstarrtofarderunity. Therefore T~ is afunctbnor"  

two parameters e and w describing %n isdrapfc turbulent flaw in the 

fncrthl  subrange and ofthe two chtlrrjical paremeters %he reactlor, rate 

CG!l8hllt c 8od COIhCC?Xb~Z'~~Otl ,  0 ' .  

Xt is now possible to obtain 8- represe&atim values for the 

respective ttmcs. Data for a characteristic rocket exhaust Jet as given 

by fcigenbutz4 have been used. The conditions given below are aZ x SG 0 

on *e centerline of the j e t  (subscript J ). 

0.013 o.ol3 

l a  76 16 

1 3-25 1 

1.5 1.7 1.81 

0*73 0.75 0.57 

0.68 0.48 0.65 

0.45 013 0.44 



is one of the msf, 3.qport-t for cmrw rclesac. Accordlng t o  Keufhm 

The reaction rate i s  thcn 

(Tbc latter va3.u~~ wen derived f”m #e 

300 T 2 W O ° K  

values ofthe dissipation le-h 

ia rcrrmsenab.) 

56 x 103 14 
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